Abstract. Based on recent experimental studies of word-final devoicing in languages like German and Catalan which show production differences between the neutralized and nonneutralized consonants., it has been claimed that phonological neutralization is'incomplete'. It seems, however, that this claim is quite premature given that most studies have considered only the neutralizing phenomenon of word-final devoicing. In this paper, we examine a qualitatively different neutralizing phenomenon -the neutral tzalion of vowel length in open syllables. We compared the duration of Dutch long vowels which are derived by an open-syllable lenghtening rule to those that are underlyingly long (cf. [da:len] < /dal+en/ vs. [ba:len] < /bal+en/). Our study shows that there is no difference in the duration between these vowels and that, at least, in this instance, contextual neutralization does lead to identical surface realization of distinct phonological segments.
The identical realization of distinct phonological segments in a specific environment is termed contextual neutralization. This is the situation in which underlying feature distinctions are lost in a given environment while being retained elsewhere. One of the most familiar examples of neutralization is the loss of voicing distinctions in syllable-final position in languages like German, Dutch, and Polish. In German, for example, the feature [voice] On the one hand, neutralization proc€sses cause the loss of surface contrasts of phonemes, and on the other, lead to surface alternations of the same underlying morpheme. But although neutralization is a wellaccepted phonological fact, recent work in phonetics has given rise to a controversy as to whether phonological neutralization is a 'complete' phonetic neutralization. The contextual neutralization rule which has been referred to most in this controversy is the rule of final devoicing which is phonologically motivated in a number of languages.
Several studies [O'Dell and Port, 1983; Port and O'Dell, 1985; Dinnsen and Charles-Luce, 19841 have suggested that final devoicing in German and Catalan may not be complete, so that voiceless obstruents which are derived by the final devoicing rule are phonetically different from underived (and therefore underlying) voiceless obstruents either in terms of closure durations, vowel length or aspiration. This evidence, however, has not been unchallenged. Fourakis and Iverson [1984] argue that the differences obtained in the studies of O'Dell and Port [1983] may be an artifact of the task and that in natural linguistic contexts voicing is completely neutralized in German. The results of Fourakis and Iverson [1984, p. la9 ] support the hypothesis that production differences in German final obstruents observable from data elicited by a reading task are 'hypercorrect manifestations of linguistic insecurity' due to the fact that spelling reflects the underlying distinction between the voiced and voiceless consonants (cf. Rat and Rad). Their experiments show that eliciting the relevant articulations without orthographic cues pointing to the underlying distinction can lead to a complete neutralization of the voicing of word-final consonants. In reply to Fourakis and Iverson, Port and O'Dell [1985] argue that hypercorrection should actually increase the tendency of stops to be completely neutralized since it is a widely known fact that German has final stop devoicing. However, they acknowledge that, given the 'very small differences observed' [Port and O'Dell, 1985, p. 470lin 
Vowel Length in Dutch
Dutch has both underlying short and long vowels. Their distributional properties have been studied in great detail by phonologists and will not be discussed here [Booij, 1981; Trommelen, 1983; van der Hulst, 19851 . Suffice it to say that short vowels (not including schwa) do not occur syllablefinally and therefore not word-finally, whereas long vowels can [van der Hulst, 19851 . Thus it is possible to get contrasts of the type 'knife' 'bone' CV However, the addition of the plural affix
[on] (written en) can potentially create an open first syllable. Therefore one would expect the short vowels in a word llke mes to be lengthened in the plural. This, however, does not happen because of the ambisyllabicity of the following stem consonant [Booij, 1981; van der Hulst, 1985] . It is not relevant here which theory of ambisyllabicity one follows. What is important is that the underlying phonological length of the singular is preserved in the plurals of these nouns.
X
The structure of the rals is as follows: In class I the underlying short vowel of the singular does not change in the plural because of the ambisyllabicity of the stem-final consonant. In class II, the underlying long vowel remains unchanged. And in class III, the underlying short vowel of the Length distinction in Dutch in thus neutralized in open syllables since long vowels can also be derived from underlying short vowels by the application of the lengthening rule. In this paper, our main interest is focussed on comparing the surface realtzation of the underlying long vowel in the plural forms of class II nouns with the derived long vowels of the corresponding class III plurals. Notice that the long vowels in the class III plural forms (cf. dagen) are derived by rule from underlying short vowels which are phonologically identical to the short vowels of the class I nouns. The necessary precondition for the comparison between the underlying and derived long vowels (i.e. plurals of class II and III) to be valid is that the short vowels in the class III singular nouns do not differ in length from the corresponding vowels of the class I sinqular nouns.
Method
The purpose of this study was to examine the duration of the Dutch vowels Three paid male subjects read the 84 words three times in a different randomized sequence. In order to prevent subjects from interpreting some of the plurals as verbs (which is possible in some instances) they were told that the words that they had to read were singular and plural Dutch nouns. Each word was written out on a separate index card and the subject was instructed to read a word, place the card face down and then continue. After each sequence of 84 words there was a short pause.
The words were recorded on tape in a soundproof room using a Nagra 4.2 tape recorder and an AKG microphone. All stimuli were then digitized using a l0-kHz sampling rate and a 5-kHz low pass filter setting. Vowel duration measurements were made using a waveform editing program.
Sample waveforms with marks indicating the beginning and end of the vowels are given in figure l.
Vowel onset was considered to be the onset of periodicity in the waveform. The postvocalic consonants were [t,d,s,z,x,f,v,n,l] , and the end of the vowel was taken to be the point at which there was a sudden drop in amplitude along with the disappearance of higher harmonics in the waveform. 
Results
The mean vowel duration for the three types of singular-plural pairs (class I, II, and III) across subjects and across all vowels is shown in figure 2 . The overall pattern shows that underlying and derived long vowels are phonetically identical.
Analysis of variance of vowel duration with subjects as units of analysis shows a significant effect of the six conditions (singular vs. plural of class I, II, and III) plotted in figure 2 [F(5, 10) : 156.1, MSe : 2,014, p<0.00051. The short vowels of the Table I In addition' the t values for the nine critical comparisons of the duration of underlying vs. derived long vowels are siven. singular nouns of both class I and class III (i.e. bal and dah are almost identical. Moreover, the long vowels in the plural nouns, underlying long for class II and derived long for class III, show a mean difference of only 3 ms. Neither differences approach significance in a Newman-Keuls test. We conclude from this that, across subjects and vowels, the phonetic realization of underlying long vowels and those that are derived by rule do not differ. We then checked to see whether this pattern holds for each subject and each word. Table I shows the mean vowel duration of underlying long vowels (i. e. long vowels from the plural of class II nouns) and derived long vowels (i. e. long vowels from the plural of class III nouns) for each of the 3 subjects and each of the three vowels. In addition, table I gives the standard deviations of these means and the t values for pairwise t tests for correlated samples. For vowel [a] , each mean is based on l8 observations, for vowel [e] and [o] on l2 observations.
Only one of the nine comparisons yields a statistically significant difference between underlying long and derived long vowels. For the other eight, the differences are nonsignificant. Taken as a whole, the results of the overall analysis as well as the pairwise comparisons within subjects and within vowels support the view that neutralization in the case of vowel length is complete.
In addition to the results on neutralization, the Newman-Keuls test carried out on the six condition means reveals the following pattern: The short vowel of plurals from class I nouns is significantly shorter than its counterpart in the singular (p <0.05). This result fits in well with other findings [e.g., Nooteboom, l9'72: Klatt, 19731 , which show and F2 measures for 1 subject and plural forms of class II (underlying III (derived long). Koopmans-van Beinum, 1980; Nooteboom and Cohen, 19761 . These studies refer to qualitative differences between long vs. short vowels, and no differences in formant values have been noted between underlying and derived long vowels. Nevertheless, to be certain that there were no differences in quality between the class II and class III vowels in the plural nouns we ran a pilot study comparing the F1 and F2 values for one set of stimuli for 1 speaker. Using a 25.6-ms full hamming window, we took LPC measures of each of the vowels. The window was placed at the beginning of the fifth glottal pulse to ensure that we were in the steady state of the vowel. Table II gives the mean values for F1 and F2 of underlying and derived long vowels. The corresponding t tests do not show any significant difference between the underlying and the derived lone vowels.
Discussion
The general question we addressed in this paper was whether the phonological merger of two distinct segments (contextual neutralization) leads to phonetically identical segments. Specifically, we investigated whether phonological neutralization of vowel length in Dutch is phonetically complete. We compared the durations of long vowels which are derived by rule from underlying short vowels (i. e. plurals of class III nouns) with long vowels which are not derived by rule (i. e. plurals of class II). As we also noted, a necessary precondition for this comparison to be valid is that the short vowels of the singulars of class III nouns do not differ from the short vowels of the singulars of class I nouns. The results show that this precondition holds. Given this precondition, the comparison of class II and class III plural nouns supports the claim that neutralization of vowel length in Dutch open syllables is complete.
Most of the arguments against the completeness of neutralization are based on the loss of the voicing distinction in syllable-,/ word-final position. A number of studies [Dinnsen 1985; Port and O'Dell, 1985; Slowiaczek and Dinnsen, 19851 have claimed that experimental examinations of neutralization phenomena have shown that there are differences in production corresponding to underlying distinctions. The present results show that this claim does not hold at least for neutralization of vowel length in Dutch. This holds for vowel duration as well as for vowel quality as expressed in the F1 and F2 measures. Fourakis and Iverson's [1984] results suggest that production differences in reading tasks between regular German voiceless obstruents and those derived by word-final devoicing may be due to the fact that German spelling reflects the underlying distinction between voiced and voiceless consonants. In the case of Dutch, however, the spelling of the plurals of class II and class III nouns does not give any cue as to whether the long vowel is derived by rule or not. Thus the production of vowel length in the present study cannot have been influenced by orthographic cues.
In sum, the present results contradict Dinnsen's [1985] claim that phonologically neutralized segments are phonetically distinct. We feel that without orthographic cues indicating the underlying phoneme which may lead to hypercorrection, what is accepted as phonological neuialization of underlying feature distinctions can be expected to be complete. Contextual neutralization can lead to identical surface realization of distinct phonological segments, and for the case of neutralization of vowel lensth in Dutch it indeed does.
